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ABSTRACT
The quantiﬁcation of hydrogen sulphide (H2S) by Selected Ion Flow
Tube coupled withMass Spectrometry (SIFT/MS) was investigated for
application in industrial emission context, usually faced with concen-
trations of water vapour higher than the saturation at room condi-
tion. H2S concentrations measured by SIFT/MS (using nitrogen as
carrier gas and ﬂow tube temperature at 119°C) were aﬀected by
water content, reducing the sensibility for H2S measurements.
Accurate concentrations were obtained when the inﬂuence of
water was considered on SIFT/MS analysis, requiring although the
information about water content in the sample. In addition, the
association of low concentration of H2S (around 50 ppbv) and high
humidity level (4.0 %vol of water) was highlighted as a critical point
for measuring H2S by SIFT/MS, due to the sensibility reduction as
function of water content and the measurement uncertainty
enhancement at low signal intensity.
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1. Introduction
Reduced sulphur compounds (RSCs) are key-compounds in Environmental Chemistry
due to their association to acid rain, odour nuisance and potential health hazard [1–3].
They are emitted from natural and industrial activities, such as volcanic eruptions,
landﬁlls, wastewater treatments, pulp-and-paper and chemical plants [4,5]. Allying its
low odour threshold limit (0.15 ppbv [6]) to its common detection in polluted atmo-
spheric analysis [4,7], hydrogen sulphide (H2S) was chosen as a model compound for
RSCs. Furthermore, H2S is the major impurity in the natural gas, which concentration
must be monitored to ensure the regulatory level [8,9].
Several analytical methods have been developed to quantify H2S. Those based on Gas
Chromatography (GC) are the most used techniques, in combination with speciﬁc sulphur
detectors such as Electron Capture Detector (ECD), Flame Photometric Detector (FPD),
Pulsed Flame Photometric Detector (PFPD), Sulphur Chemiluminescence Detector (SCD)
and Atomic Emission Detection (AED) [2,3]. The analysis of H2S based on GC usually applies
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a Thermodesorption (TD) device to obtain lower limit of detection (LOD). Even if interesting
LOD values could be achieved by GC methods, chromatographic and sampling interfer-
ences can still occur in presence of water and oxidants (such as ozone, sulphur dioxide and
nitrogen oxides) [2,4].
More recently and in parallel to GC-basedmethods, the use of Chemical Ionization coupled
with Mass Spectrometry (ICMS) has been reported in literature for H2S quantiﬁcation [9–12].
Real-time analysis, high sensitivity and low LOD are some of the advantages common to ICMS
techniques, such as Proton Transfer Reaction Mass Spectrometry (PTR/MS) and Selected Ion
Flow Tube Mass Spectrometry (SIFT/MS). For both PTR/MS and SIFT/MS, H2S concentration is
calculated based on the ionisation reaction of H2S with H3O
+ precursor ion, which generates
the H3S
+ product ion, since the proton aﬃnity of H2S (705 kJ mol
−1) is higher than H2O (691 kJ
mol−1) [9,10,12]. However, this slight diﬀerence on proton aﬃnity values may lead to a more
complex analysis of H2S than usual.
Previously studies regarding the quantiﬁcation of H2S in humid air by PTR/MS [9,12]
have demonstrated that, in presence of water, the reverse ionisation reaction (proton
transfer from H3S
+ to H2O) occurs and H2S concentrations must be corrected regarding
the water content. In addition, it was reported a decrease on the sensitivity of PTR/MS
when analysing H2S in presence of water [9]. Similar disturbance on H2S measurements
due to humidity presence was also observed in SIFT/MS analysis [10] and thus, accurate
H2S concentrations are only possible if the secondary reactions of H3S
+ are considered.
Furthermore, the water clusters formation of H3S
+.H2O and H3O
+.(H2O)n =1,2,3 (hydrated
hydronium ions) must be taking into account [10]. In addition to the proton transfer
from H3S
+ to H2O, Spanel and Smith [10] have indicated the exothermic switching
reaction of H3S
+.(H2O)n =1,2 with H2O (generating H3O
+.(H2O)n =1,2 and H2S) may also
occur. According to another study from Spanel and Smith [13], the clusters formation
happens via sequential three-body association, in which helium molecule (carrier/inert
gas) present at the reaction chamber (ﬂow tube) acts as stabilising-agent. Therefore, as
H2S quantiﬁcation depends on the water clusters generation, which in turn is inﬂuenced
by the inert compound, the use of a diﬀerent molecule as carrier gas could lead to
distinct results in terms of H2S quantiﬁcation in humid air.
In this work, the inﬂuence of humidity in the quantiﬁcation of H2S by SIFT/MS was
deeper investigated to adequate SIFT/MS analysis for industrial emission context (usually
faced with humidity content higher than atmospheric level [14–16]). The impact of the
humidity on H2S quantiﬁcation was investigated by monitoring the sensibility and
the uncertainty of SIFT/MS device (which was operated in diﬀerent conditions compared
to those reported in the literature [10], i.e. higher ﬂow tube temperature and
nitrogen as carrier gas). In addition, an empirical model was proposed to satisfactorily
quantify H2S concentrations even in extreme humidity conditions.
2. Experimental
2.1. Materials
The H2S calibration was performed between 0.05 and 1.6 ppmv (in 6 levels) from the mix
of a gas cylinder standard (100 ppmv of H2S in nitrogen, Air Liquide, France) and an air
stream (ZR55, oil-free air ISO 8573–1 class 0, Atlas Copco France) integrated to air ﬁlter
(Olympian Plus, Norgren, UK), which gas ﬂows were controlled by mass ﬂowmeters (SLA
5850S-B Brooks Instruments, USA). A humidiﬁcation system (Serv’Instrumentation,
France) was employed to generate calibrated water content ([H2O]) from 0.01%vol
(dry air, dew point equal to −40°C at 101.3 kPa) until 5.00%vol (dew point equal
to 33°C at 101.3 kPa), in 7 levels, which are described in Table 1. When water concentra-
tion reaches 2.00%vol (equivalent to dew point of 17°C), the air stream is nearly
saturated (> 80% of relative humidity) at room conditions (20°C and 101.3 kPa).
Therefore, for the conditions when water content was superior to 2.00%vol, the system
was heated until 40°C thanks to a hot circulating oil bath (Model 1160S, VWR, USA),
composed of a stainless steel smooth-coil immersed in a synthetic thermoliquid (Ultra
350, Lauda, Germany) installed at the air line after the humidiﬁcation system. The gas
line between the mixture point and the SIFT/MS was isolated and heated using a heated
cable (FGR-100, Omegalux, France) to prevent condensation.
2.2. SIFT-MS analysis
In SIFT/MS system, H2S concentration is determined thanks to the reaction of the
molecule with the H3O
+ precursor ion and the detection of its product ion by MS.
Produced by a microwave discharge in SIFT/MS device (Voice 200ultra, Syft Technologies
Ltd, New Zealand), the precursor ion was selected by a ﬁrst quadrupole mass ﬁlter and
injected to the ﬂow tube by a nitrogen ﬂow (180 NmL min−1) as carrier gas, whereas the
sample was introduced by a calibrated capillary (20 NmL min−1). In the ﬂow tube (kept at
119°C and 0.07 kPa), the reaction between the analyte (neutral compound) and the
selected precursor ion was held, generating product ions with speciﬁc mass-to-charge
ratios (m/z). The product ions were quantiﬁed by a second quadrupole mass spectro-
meter, calculating a count rate (signal intensity in counts s−1) [17–19].
The analyte present in the sample ([A]sample) was diluted by the carrier gas in the ﬂow
tube, whose analyte concentration ([A]ft) depends on the operating conditions of the
ﬂow tube – temperature (Tft), pressure (Pft), sample ﬂow (φs), carrier gas ﬂow (φc) – and
on the Boltzmann constant (kb), as described by Equation (1) [17].
A½ ft¼ ½Asample
Pft
Tftkb
φs
φs þ φcð Þ
(1)
[A]ft was also calculated by Equation (2) based on the rate coeﬃcient (k) of the reaction
between the neutral compound and the precursor ion, the reaction time in the ﬂow
tube (t), the ratio between the precursor ion count rate at time equal to 0 ([I0]) and time
t ([I]) [17,20]. For the Syft model used for this project, reaction time was around 5 ms.
Table 1. Levels of humidity in the air sample studied at atmospheric pressure.
[H2O] (%vol) Dew point (°C) Air temperature (°C) Relative humidity (%)
0.01 −40 20 0
0.50 −3.5 20 20
1.20 9.5 20 50
2.00 17 20 75
2.30 20 40 35
3.50 26 40 50
5.00 33 40 70
I½ 
I½ 0
¼ exp k A½ ftt
 
(2)
As the product ion count rate ([P]) can be expressed as the diﬀerence between [I]0 and [I]
(in case of mono-component and m/z inferior to 100 [21]), Equation (2) becomes
Equation (3).
P½ 
I½  ¼
1 exp k A½ ftt
 
exp k A½ ftt
  (3)
At low analyte concentrations, Equation (3) can be approximated to a linear correlation
between [A]ft and [P]/[I] ratio (Equation 4), if the limit of k[A]ftt approaching zero is con-
sidered in the exponential expression [17]. This linear approximation is only valid for small
values of [P]/[I] (≪ 1). Moreover, Equation (4) also integrates the diﬀusion-correcting factor
(Df), which is usually assumed as unity except when the size of the precursor and the
product ion is greatly diﬀerent [17,21]. In presence of water, clusters ions are likely gener-
ated and therefore, the count rates of all product ions originated from analyte A, and all
secondary clusters precursor ions with its respective rate coeﬃcient must be taking into
account to correctly calculate [A]ft [17].
A½ ft¼
Df
t
Pn
i¼1½PiPm
j¼1½Ij kj
(4)
In case of H2S, rate coeﬃcients proposed in the kinetic library from LabSyft® 1.6.2
(analytical software related to SIFT/MS instrument, Syft Technologies Ltd, New
Zealand) are shown in Table 2 for helium as carrier gas. These values are in agreement
with several studies in the literature [10,11,22]. Two product ions are proposed: H3S
+
with m/z ratio equal to 35 and H3S
+.(H2O) with m/z equal to 53.
According to studies carried out by Milligan et al. [23], in SIFT/MS instrument, LOD is
calculated considering the conﬁdence level equal to three standard deviations above
background, whereas limit of quantiﬁcation (LOQ) is the lowest concentration that can
be measured with a precision of ± 20% [18,23]. These concentrations are obtained by
Equation (5) (LOD) and Equation (6) (LOQ), where bµ represents the mean background
count rate (counts s−1) of the product ion at speciﬁc m/z ratio, tm the measurement time
(s) and s the sensitivity (counts s−1 ppbv−1). In this study, bµ and tm were calculated from
a blank analysis, i.e. without the presence of the analyte (H2S), but still injecting air at its
respective humidity content in the SIFT/MS instrument (bµ represents the global blank,
whose noise value was related to the experimental set-up and the SIFT/MS device).
Sensitivity was deﬁned as the number of product ions (counts s−1) at the speciﬁc m/z
ratio produced for a given concentration of analyte [24,25]. It is important to highlight
Table 2. Rate coeﬃcients of H2S.
Precursor ion Rate coeﬃcient (cm3 molecule−1 s−1)
H3O
+ (m/z 19) 1.6 × 10−9
H3O
+.(H2O) (m/z 37) 5 × 10
−12
H3O
+.(H2O)2 (m/z 55) 5 × 10
−12
H3O
+.(H2O)3 (m/z 73) 5 × 10
−12
that, in SIFT/MS analysis, the measurement time aﬀects the LOD and LOQ values (the
longer the measurement, the lower LOD and LOQ).
LODppbv ¼
3
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
bμtm
p
s tm
(5)
LOQppbv ¼
25þ 5 ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ25þ 4 bμtm
p
2 s tm
(6)
3. Results and discussion
3.1. Accurate H2S concentration in presence of water
Even applying diﬀerent operating conditions on SIFT/MS device (ﬂow tube temperature
at 119°C and nitrogen as carrier gas), the injection of a humid air has greatly promoted
the water clusters formation, as it has been reported in the literature for helium and ﬂow
tube temperature at 25°C [10,13]. Increasing the water concentration in the ﬂow tube
(calculated by Equation 1 and only considering the water amount injected by the
sample), the signal intensity of H3O
+ (m/z 19) precursor ion has progressively decreased,
whereas H3O
+.(H2O) (m/z 37), H3O
+.(H2O)2 (m/z 55) and H3O
+.(H2O)3 (m/z 73) ions
have been more intense, as shown in Figure 1. In dry air condition, the H3O
+ (m/z 19)
precursor ion was the most intense precursor ion. However, when 0.50%vol of H2O was
present in sample air (equivalent to 7 × 1012 molecule cm−3 in ﬂow tube), H3O
+ (m/z 19)
intensity was reduced of 60% at a mixing ratio sample-carrier gas equal to 10%. In
conditions when more than 0.50%vol of H2O was present in the sample air, the most
intense precursor ions were H3O
+.(H2O) (m/z 37) and H3O
+.(H2O)2 (m/z 55). The
clusters formation by three-body association with nitrogen molecules may also
occur in a sequential mechanism, since the signal intensities of H3O
+.(H2O) (m/z 37) and
H3O
+.(H2O)2 (m/z 55) did not increase signiﬁcantly, reaching a plateau for water content
higher than 2.00%vol. Meanwhile, H3O
+.(H2O)3 (m/z 73) ion has continued increasing as
function of the water concentration.
Even introducing a ﬁxed H2S concentration in sample air (equal to 0.5 ppmv),
the product ions H3S
+ (m/z 35) and H3S
+.(H2O) (m/z 53) have not resulted in
a constant intensity signals, as indicated by Figure 1. Their values have decreased
with H2O concentration increase, in agreement with Spanel and Smith [10], which
suggested that reverse ionisation reactions also occur in presence of nitrogen
(carrier gas). The decrease of H3S
+ (m/z 35) with water content seems to be
correlated to H3O
+ (m/z 19) dropping, which could be explained by: (i) the very
slow reaction between H2S and water clusters H3O
+.(H2O) (m/z 37), H3O
+.(H2O)2
(m/z 55) and H3O
+.(H2O)3 (m/z 73) (Bohme et al [22] and Willians et al [11] have
reported rate coeﬃcients <10−12 cm3 molecule−1 s−1) and (ii) the three-body
association reaction of H3S
+ and of H3S
+.(H2O) with H2O molecules and the con-
sequent fast switching reaction of H3S
+.(H2O)n=1,2 to H3O
+.(H2O)n=1,2 (since
the bond between the H2O molecules are stronger than with H2S molecules
[10]). Yet from Figure 1, H3S
+.(H2O) (m/z 53) intensity represented less than 1% of
H3S
+ (m/z 35) intensity, which means this product ion can be negligible in
Equation (4), without aﬀecting the accurate calculation of H2S concentration.
These variations on precursor and product ions intensities caused by the water
amount were reﬂected on the calculation of H2S concentrations. Applying the rate
coeﬃcients proposed by LabSyft® kinetic library (Table 2), H2S concentration measured
by SIFT/MS showed a deviation compared to standard calibrations (evidenced by the
slopes of the linear regression between calibrated and measured concentrations diﬀer-
ent from 1), except when the dry air was fed (slope of 1.07), as shown in Figure 2(a). In
presence of water, the measured H2S concentrations were falsely high (except for
the highest humidity level). The relative gap between the measured and the calibrated
H2S concentrations was enlarged with H2O concentration until 2.00%vol (slope values
equal to 1.34 and 1.67 for respectively 0.50%vol and 2.00%vol of H2O). However, from
3.50%vol to 5.00%vol, the opposite eﬀect was identiﬁed (slope values equal to 1.18 and
0.88 for respectively 3.50%vol and 5.00%vol of H2O). Spanel and Smith [10] also reported
higher measured H2S concentrations in presence of water (1 × 10
13 molecule cm−3 in
ﬂow tube), which were explained by the large variation of H3O
+ precursor ions due to
clusters formation.
Figure 1. Product and precursor ions counts rate for [H2S] ﬁxed at 0.5 ppmv as function of H2O content in
the sample (in %vol) and its respective H2O concentration in ﬂow tube after dilution in nitrogen as carrier
gas (in molecule cm−3 and calculated by Equation 1), without considering the H2O generated by SIFT/MS
ion source. H3O
+ (m/z 19) (●); H3O
+.(H2O) (m/z 37) (✖); H3O
+.(H2O)2 (m/z 55) (■); H3O
+.(H2O)3 (m/z 73) (○);
H3S
+ (m/z 35) (▲) and H3S
+.(H2O) (m/z 53) (△).
Therefore, it is possible to conclude that the rate coeﬃcients values used
by LabSyft® kinetic library did not satisfactorily describe the ionisation reaction of
H2S by H3O
+ precursor ion in presence of water when applying ﬂow tube temperature
at 119°C and nitrogen as carrier gas. Applying a similar methodology proposed to
measurements of H2S using PTR/MS [9,12], the rate coeﬃcient of H3O
+ (m/z 19) was
corrected integrating the water concentration and neglecting all reactions of H2S with
water clusters H3O
+.(H2O) (m/z 37), H3O
+.(H2O)2 (m/z 55) and H3O
+.(H2O)3 (m/z 73).
Therefore, these water clusters ions were no more considered as precursor ions in
LabSyft® software. The apparent product formation rate (kap19) for the H3O
+ (m/z 19)
precursor ion was calculated multiplying the rate coeﬃcient of H3O
+ (m/z 19) at dry air
(1.6 × 10−9 cm3 molecule−1 s−1) by the ratio of the H2S concentration measured by
SIFT/MS (with only H3O
+ as precursor ion and rate coeﬃcient of dry air) and the
calibrated H2S concentration. The calculation of kap19 was carried out for all levels of
H2S and H2O concentrations and their values are presented in Figure 3 with their
respective uncertainties. These ones were calculated by propagation error method,
which includes the standard deviation of kap19 calculated for each H2S concentration
level and the uncertainty from the experimental dispositive to generate the diluted gas
mixture (estimated as 10% to lowest H2S concentrations). In agreement with Li et al
results [9], the apparent rate coeﬃcient has shown an exponential relationship with
humidity level. The value of kap19 largely depends on the humidity level, dropping
by about a factor of 100 in condition with high water amount (5.00%vol). The increase
of the H2O concentration probably enhances the reverse ionisation reaction (from H3S
+
to H2O), reducing, therefore, the apparent rate coeﬃcient of the reaction between
H2S with H3O
+.
The H2S concentrations determined from the corrected values of rate coeﬃcients of
precursor ion H3O
+ (m/z 19) for each level of H2O concentration are shown in Figure 2(b),
which are in excellent accord with the calibrated H2S concentrations (all slopes are close to
1 with excellent correlation coeﬃcients). However, the major drawback of this correction
method by kap19 is that accurate quantiﬁcation of H2S by SIFT/MS is only possible if the
humidity level of sample is known. Meanwhile, at a ﬁxed level of humidity, the
Figure 2. Comparison between measured and calibrated H2S concentrations for 5 humidity levels
and its respective linear regression (dotted lines): 0.01%vol of H2O (●); 0.50%vol of H2O (○); 2.00%
vol of H2O (▲); 3.50%vol of H2O (✖) and 5.00%vol of H2O (□). (a) Considering the ionisation rate
coeﬃcients values shown in Table 2. (b) Considering the apparent product formation rate after
correcting according to water amount.
H2S concentration followed a linear correlation (R
2 close to 1), which means that even if
the absolute value of H2S is not accurate, H2S concentrations is always proportional to the
signal intensity of H3S
+ (m/z 35) product ion (for the concentration range studied in this
work).
3.2. Analytical performance
The H2O concentration has also shown a serious impact on SIFT/MS sensitivity for H2S, as
shown in Figure 4(b). In dry sample conditions and for a sample ﬂow equal to 20 NmLmin−1,
each ppmv of H2S generated around 60 000 counts s
−1 at H3S
+ (m/z 35). However, when
1.00%vol of H2O were present in sample gas, H3S
+ (m/z 35) intensity dropped to 15 000
counts s−1 for each ppmv of H2S injected in the sample. This reduction of the sensitivity of
SIFT/MS could also be observed in Figure 1: at a ﬁxed H2S concentration, H3S
+ (m/z 35)
product ion gradually decreased with the humidity level augmentation.
The sensitivity-reducing phenomena with humidity caused two main consequences
on analytical performance of SIFT/MS: (i) the increasing of LOD and LOQ and (ii) the raise
of uncertainty for H2S measurements. LOD and LOQ were calculated for ﬁve diﬀerent
levels of humidity and considering a measurement time of 100 s (Table 3). Comparing,
for example, LOQ at dry condition to 4.00%vol of H2O, the strong eﬀect of water
interference is clearly observed: LOQ has increased from 0.040 ± 0.008 ppbv to
1.4 ± 0.3 ppbv. Although, even in critical humidity conditions, LOD of SIFT/MS for
Figure 3. Apparent product formation rate of precursor ion H3O
+ (m/z 19) (kap19) as function of
H2O concentration.
H2S measurements has resulted in lower values compared to GC-based methods usually
coupled with TD devices: 0.77 ppbv vs 3.8 ppbv [7].
We also observed that, in SIFT/MS, uncertainty of signal intensity is tightly connected
to its absolute value, and therefore, the less intense the signal, the bigger the
uncertainty. This observation can be exempliﬁed in Figure 5, where four diﬀerent levels
of H2S concentrations (0.05 ppmv; 0.15 ppmv; 0.5 ppmv and 1 ppmv) are disposed with
their respective uncertainties (the standard deviation of a 400 s measurement time
analysis measured by SIFT/MS) as function of H2O concentration. It is clear that the
highest uncertainty (around 35%) was obtained at the lowest value of H2S concentration
(0.05 ppmv) coupled with the highest humidity level (4.00%vol of H2O), whereas at
1.0 ppmv of H2S and 4.00%vol of H2O, the relative uncertainty was reduced to 10%. In
summary, low concentration of H2S in combination with high humidity is a critical point
for measuring H2S by SIFT/MS. The augmentation of the relative uncertainty related to
the water content becomes less noticeable as the H2S concentration increases, since the
intensity of H3S
+ (m/z 35) also rises.
The practical uncertainties obtained were greater than the LOQ values, probably
because of the uncertainty of the experimental set up to generate the diluted gas
mixture. This uncertainty was estimated to 10% for the lowest H2S concentrations and
to 2% for the highest H2S concentrations.
The negative eﬀect of humidity on the sensitivity of H2S could be minimise by
decreasing the sample ﬂow of the SIFT/MS device, since the lower the quantity of
Table 3. LOD and LOQ of SIFT/MS for H2S (considering
a measurement time of 100 s).
[H2O] (%vol) LOD (ppbv) LOQ (ppbv)
0.01 0.02 0.04
1.20 0.05 0.1
2.00 0.1 0.2
3.00 0.4 0.7
4.00 0.8 1.4
Figure 4. The sensitivity of SIFT/MS for H2S quantiﬁcation as function of humidity level. (a) Experimental
values obtained with φs = 20 NmL min
−1 and considering the sensitivity of H2S and the H2O content in the
ﬂow tube. (b) Eﬀect of sample ﬂowon the sensitivity for 4 sample ﬂows:φs = 40NmLmin
−1 (■),φs = 20NmL
min−1 (●), φs = 10 NmL min
−1 (▲) and φs = 2 NmL min
−1 (✖).
Figure 5. Uncertainty related to H2O and H2S levels of concentration. The H2S concentration axis
is limited to the double of the calibrated concentration to express the relative error (calculated
as the standard deviation of a 400 s measurement time analysis by SIFT/MS). (a) 0.05 ppmv of
H2S. (b) 0.15 ppmv of H2S. (c) 0.5 ppmv of H2S and (d) 1.0 ppmv of H2S.
water present in the ﬂow tube, the lower the clusters formation. Meanwhile, for a same
concentration level in the sample ﬂow, a decrease of the sample ﬂow also reduces the
signal intensity of H3S
+ (m/z 35), which could aﬀect the analysis uncertainty.
In order to consider these two clearly compensating eﬀects and, hence, to obtain an
optimum sample ﬂow in extreme air humidity condition, a theoretical study was carried
out. We have considered that the sensitivity of H2S (in counts s
− 1 molecule− 1 cm3) –
associated to the H2S concentration in the ﬂow tube – would present the same proﬁle as
function of the H2O concentration in ﬂow tube (in molecule cm
−3) regardless of the
sample ﬂow. From the experimental values obtained with 20 NmL min−1 (the only
sample ﬂow experimentally feasible), a natural logarithm expression (R2 equal to
0.999) was adjusted, correlating the sensitivity of H2S (in counts s
−1 molecule−1 cm3)
with the [H2O]ft (in molecule cm
−3) as shown in Figure 4(a). Thanks to this expression, we
could predict the variation of the sensitivity of H2S (in counts s
− 1 ppmv− 1) as a function
of H2O content (in %vol) for three diﬀerent sample ﬂows (40 NmL min
−1, 15 NmL min−1
and 2 NmL min−1). These prediction curves are presented in Figure 4(b) simultaneously
with the experimental one (20 NmL min−1).
The Figure 4(b) shows that the increase of the sample ﬂow (40 NmL min−1) is
disadvantageous for H2S quantiﬁcation in extreme humidity conditions (superior to
2.00%vol of H2O), given that the sensitivity of H2S decreases vertiginously depending
on H2O concentration. As expected, the decrease of the sample ﬂow (from 20 NmL
min−1 to 10 NmL min−1) was beneﬁcial since a higher value of sensitivity was
obtained for H2O content superior to 2.00%vol. Nevertheless, when the sample
ﬂow was decreased from 10 NmL min−1 to 2 NmL min−1, the opposite behaviour was
identiﬁed: at 4.00%vol of H2O, the sensitivity at 2 NmL min
−1 was lower than at
10 NmL min−1, indicating that an optimum value could be calculated. By applying
the Generalized Reduced Gradient (GRG) nonlinear method, the optimum sample
ﬂow found was 7.3 NmL min−1 (obtained considering the highest sensitivity level for
[H2O] at 4%vol).
4. Conclusion
The H2S quantiﬁcation in real-time analysis can be satisfactorily carried out by SIFT/MS
using nitrogen as carrier gas, even in extreme air humidity conditions (from 0.01 to
5.00%vol of H2O), without requiring any dryer or water trap devices. For that, in order to
compensate the water interference, the rate coeﬃcient of the H2S-H3O
+ ionisation
reaction in SIFT/MS analysis must be corrected regarding the water content and thus,
the humidity in the gas matrix must be known.
This study has also evidenced that the use of nitrogen as carrier gas requires precaution
regarding the parameters previously obtained using helium. For compounds which clusters
formation and/or reverse proton transfer may occur – such as H2S – complementary studies
are necessary for accurate quantiﬁcation by SIFT/MS.
In addition, we found that (i) the humidity decreased the sensitivity of SIFT/MS for
H2S quantiﬁcation and (ii) the measurement uncertainty is higher with low signal
intensity. Therefore, the association of low H2S concentration and high humidity is
a critical point for H2S measurements. Uncertainty values around 35% were reported
in this critical condition (for the standard sample ﬂow applied in study). A decrease of
the sample ﬂow of SIFT/MS device is suggested if the H2S quantiﬁcation has to be
carried out in extreme humidity conditions. LOD and LOQ also increased due to the
humidity raise, but they were still lower than the values obtained with the traditional
analytical method (TD-GC).
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